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(57) ABSTRACT 

The invention provides a classi?cation engine for classifying 
documents that makes use of functions included in a simi 
larity search engine. The classi?cation engine executes a 
classify command from a client that makes use of similarity 
search results, and rules ?les, classes ?les, and a classi?ca 
tion pro?le embedded in the classi?cation command. When 
the classi?cation receives a classify command from a client, 
it retrieves a classi?cation pro?le and input documents to be 
classi?ed, sends extracted values from the input documents 
based on anchor values to a XML transformation engine to 
obtain a search schema, requests a similarity search by a 
search manager to determine the similarity between input 
documents and anchor values, and classi?es the input docu 
ments according to the rules ?les, classes ?les, and the 
classi?cation pro?le. The client is then noti?ed that the 
classify command has been completed and the classi?cation 
results are stored in a database. 

33 Claims, 15 Drawing Sheets 
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<INPUT_SEARCH> 
<cLA1M> 

<DOCTOR> 

<NAME>Falstaff</NAME> 
</DOCTOR> 

</ CLAIM> 

< / INPUT_SEARCH> 

FIG-2 
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<CLASSBS> 

<CLASS ID="id"> 
<NAME name /> 
<RANK rank /> 

<Low_scone>Iow</L0w_SCORE> 
<u1on_scorm>high</HIGH_SCORE> 

<lcmss> 
<ICLASSES> 

where: id is an integer that uniquely identi?es this class 
name is the descriptive name of the class (limited to 40 characters) 
rank is an integer indicating the level of the class in the class hierarchy 
low is the lower threshold for scores associated with the class (default 0.00) 
high is the upper threshold for scores associated with the class (default 1.00) 

FIG-3A 

<CLASS ID=”UINC"> 
<NAME>Unc1aasi£ied<NMm/> 
<RANK>99999<RANK/> 

<ICLASS> 

FIG-3B 

<CLASSES> 

<C'LASS ID=”1"> 

<NAME>RED<INALE> 
<RANK>1<IRANK> 

</CLASS> 
<CLASS ID="2"> 

<NAMB>YELLOW<lNAME> 
<RANK>2</RANK> 

<ICLABS> 
(CLASS ID="3"> 

<NAME>BLUE<lNAME> 
<RANK>3<IRANK> 

<ICLASS> 
<CLASS ID="4"> 

<NAM>GREBN<lNAME> 
<RANR>3 <IRANK> 

<ICLASS> 
< /CLASSEB> 

FIG-3C 
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<RULES> 
<RULB ID="id”> 

<DESCRIPTION text /> 
<CONDITION [OP=”boolean" ]> 

<PROPERTY ID: "property" > 

<SCHEMA__MAP_ID map /> 
<THRESHOLD> 

<S'1‘AR'1‘ OP: "bottom" lowscore / > 
<END 0P="top" highscore / > 

< / THRESHOLD > 

<nocm~mn'r_co1m'r countl> 
< /PR.OPBRTY> 
condi tion 

<lconnrrrou> 
< /RULE> 

< / RULES > 

where id is an integer that uniquely identi?es this rule 
text is descriptive text to be used as the default description 
boolean is AND or OR, indicating how nested conditions are combined 
property is an integer that uniquely identi?es this requirement 
map is an integer that identi?es the map in the SCHEMA__MAP_ID ?le 
bottom is “>=” or “>" indicating whether to include lowscore in the range 
Iowscore is a similarity score from 0.00 to 1.00 that is lowest in the range 
top is “<=” or “<” indicating whether to include highscore in the range 
highscore is a similarity score from 0.00 to 1.00 that is highest in the range 
count is the least number of documents required 
condition is a nested condition element (combined with others by boolean) 

FIG-4A 
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<CLASS_RULE__MAPS> 
<CLASS_RULE_MAP IDa’id” cRI'rERIA_MA'rcH_'rYPE=-"type"> 

<CLASS_ID ID="class" RULB_MATCH_TYPE=” type” > 
<RULE_ID ID="ru1e" > 

<DESCRIPTION text /> 
<PROPERTY ID="property" > 

<THRESHOLD> 
<S'I'ART 0P="bott:om” lowscore/ > 
<EN'D OP="t0p" highscore / > 

</'1'HR.BSHOLD> 
<nocmmm'_coum count/> 

<IPROPERTY> 
</RULE> 
<LOW_SCORE>low</LOW_SCORE> 
< HIGH_SCORE>high </HIGH_SCORE> 

</CLASS_ID> 
</cLAss__RULE_MAP> 

</CLASS_RULE_MAPS> 

where id is an integer that uniquely identi?es a class rule map 
class is the ID for the CLASS in the CLASSES ?le to which this mapping pertains 
type is “Single” or “Multi” (see below) 
rule is the ID for the RULE in the RULES ?le to which this mapping pertains 
text is descriptive text to be used to override the default description 
property is an integer that uniquely identi?es this requirement 
map is an integer that identi?es the map in the SCHEMA_MAP_1D ?le 
bottom is ‘ =” or “>” indicating whether to include Iowscore in the range 
lowscore is a similarity score from 0.00 to 1.00 that is lowest in the range 
top is “<=” or “<” indicating whether to include highscore in the range 
highscore is a similarity score from 0.00 to 1.00 that is highest in the range 
count is the least number of documents required 
low is the lower threshold for scores associated with the class (overrides CLASSES) 
high is the upper threshold for scores associated with the class (overrides CLASSES) 

FIG—SA 

<cnnss_nuns_mrs> 
<CLASS_RULE_MAP ID="1" CRITERIA_MATCH__TYPE="MULTI" > 

<CLASS_ID ID=*”1'I RULE_MATCH~_TYPE=”SINGLE" > 
<RULB_ID ID="1" /> 
<auLB_:|:n ID="2" /_> 

< / CLAS S_ID> 
<CLASS_ID ID=" 2" RULB_MATCH_TYPE=”MULTI" /> 

<RULE_ID ID="1" /> 
<PROPERTY ID="1"> 

<THRESHOLD > 

<START OP=">=" > .a <lsnnr> 
FIG-5B (continued on next page) 
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<SCHEMA__MAPPING> 
<MAP ID="id” > 

<SEARCH_SCHEMA schema /> 
<XTE_MAP xte /> 

</MAP> 
</SCHEMA_MAPPING> 

where id is an integer that uniquely identi?es the map 
schema is the name of the schema for the search 
xte is the name of the XTE transformation to apply to the input document 

FIG-6A 

<S€HEIVIA_HKPFTN@> 
em ID="1"> 

<SEARCH__SCHEMA> STOLEN_VEHICLES </SEA.RCH__SCHEMA> 
<X'I'E_MAP> main </XTE_MA.P> 

< IMAP> 
<MAP ID=" 2 " > 

<SEARCH_SCHEMA> VSANCTIONED_DOCS </SEARCH_SCHEMA> 
<XTE_MAP> main </XTE_MAP> 

< IMAP> 
<MAP ID=" 3 " > 

<SEARCH__SCHEHA> SANCTIQNED_LAWYERS< / SEARCH_SCHEMA> 
<XTB_MAP> main </XTE_MAP> 

< IMAP> 

</SCHEMA_MAPPING> 
FIG-6B 

<CLASSIFICA'I'ION_RESULTS> 
<TARGET ID=”id” > 

<DATASE'1' datasource=" da taaource ” / > 

'<SEARCH_RESULTS> 
<SEARCH> map <ISEARCH> 
<COUNT> coun t < /COUNT> 

</SBAR.CH_RBSULTS> 
</TARGET> 

</CLASSIFICATION_RESULTS> 

where id is an integer that uniquely identi?es a target location for the results 
damsource is the name of a datasouree de?ned in the DATASOURCES ?le 
map is the identi?er of a MAP in the SCHEMA_MAPPING ?le 
count is an integer representing the number of results to save 

FIG-7A 
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<CLASSIFICATION_RBSULTS> 
<TARGET ID=" 1"> 

<DATASET datasource=" classi fication_output" /> 
<smcn_nssum's> 

<SBARCH > 1 <ISEARCH> 
<SBARCH > 2 <ISEARCH > 
<COUNT> 2 0 <ICOUNT> 

</ SEARCH_RBSULTS> 
< /TARGBT> 

</CLASSIPICATION_RESULTS> 
FIG-7B 

NORMALIZATION FORMULAS FOR CLASS SCORES 

To Normalize score X in threshold range S (Start) to E (End): 

n0rm(X) = (E-S)/(X-S) 

To Renormalize normalizes score N to Class with LOW_SCORE of L and HIGH_SCORE of H: 

Class-score(N) = (H-L)*N+L 

Combined normalization formula: 

C1ass-sco1'e(X)=(H~L)*(E-S)/(X-S)+L 
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<CLASSIFICATION_PROFILB> 
<PROFILE ID="id"> 

<SOU'RCE_SCHEMA NAMB="schema” /> 
<TARGBT_ID ID=”target” /> ' 

<IPROFILB> 
</CLASSIFICATION__PROFILB> 

where id is an integer that uniquely identi?es the pro?le 
schema is the name of the schema for the input documents 
target is identi?er of an output target in the CLASSIFICATION_RESULTS ?le 

FIG-8A 

<CLASSIFICATION_PROFILE> 
<PROFILE ID="1"> 

<sormcs_scnm Nm="m_cmms" /> 
<DATASET ID="1" /> 
<cmsswnunz_m ID-"l" /> 

drawn-15> 
</CLASSIFICATION_PROFILE> 

FIG-8B 
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Test 
Co ndilion 

5 Test q _ Test 

—->, Next gm“ " " Next .r'u" 
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FIG-10 

CLASSIFY command 

<CLASSIFY op=="operation”> 
<FROM> 

documents 
<IFROM> 
<WHERE> 

anchor 
<IWHERE> 
<US1NG pro?lc= ”pro?le "> 

</CLASS[FY> 

where: operation is 
anchor is 
documents is 

“execute.” to classify documents 

to be classi?ed 
pro?le is 

FIG-l 1 

US 7,188,107 B2 

XML document containing values used as Search criteria 
one or more DOCUMENT elements indicating documents 

identi?er of the pro?le for the classi?cation. 
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FROM-Clause 
<FROM> 

documents 
</FROM> 

where: documents is one of the following: 
I DOCUMENT elements giving names and search schema 
0 DOCUMENT element with name=“*" for whole set 
0 Complete documents inside <DOCUMENT> tags 

FIG-12A 

<PROM> 

<DOCUMENT name="1" schema= " acme _products " / > 
<DOCUMENT name= " 2 “ schema= " acme _products " / > 

<DOCUMENT name= " 3 " schema: " acme _producl:s " / > 

< /FROM> 
FIG-12B 

<FROM> 
<DOCUMENT name=”*" Bchema="acme_products" /> 

< /PR.OM> 

FIG-12C 
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<FROM> 

<DOCUMBNT schema="acme_products"> 
<Product> 

<Type>DVD Player</Type> 
<Model> 

<Number>AlOOO</Number> 
</Model> 
<Manufacturer>Acme</Manufacturer> 

</Product> 
</DOCUMENT> 
<DOCUMENT schema="acme__products"> 

<Product> 
<Type>DVD Pro</Type> 
<Model> 

<Number>A1100<lNumber> 
<lModel> 
<Manufacturer>Acme</Manu£acturer> 

</PrOdUCt> 
</nocum'r> 
<DOCUMBNT Bchema=”acme_pr0duct:s"> 

<Product> 
<Type>Super DVD</Type> 
<Model> 

<Number>A1200<lNumber> 
</Model> 
<Manufacturer>Acme</Manu£acturer> 

</Procluct> 
</DOCUMBNT> 

</FROM> 

FIG-12D 
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WHERE-Clause 

<WHERE> 
anchor 

</WHERE> 

where: anchor is an anchor document structure populated with values to be used as a ?lter on 
the documents 

FIG-13A 

<WHERE> 
<Product: > 

<Type>DVD Player</Type> 
<Model> 

<Number>Al 0 00 < /Number> 
</Mode1> 
<Manufacturer>Acme</Manufacturer> 

</Product> 
< / WHERE > 

FIG-13B 

USING-Clause 

<USING pro?lefjvro?le” / > 

where: pro?le is the id of classi?cation pro?le in the SSE's 
CLASSIFICATION_PROFILE ?le 

FIG- 1 4A 

<USING profi1e=" 1" > 

FIG-14B 
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<RESPONSE id="id"> 
<RESULT> 
<RC>code<fRC> 
<MESSAGE>Processing record n of m records. Record I‘ successfully classi?ed. 
Classi?cation Processing Complete. Success: 2: Failed: y<Hv1ESSAGE> 
<PKEY narne="key"> 

<CLASS lD>class</CLASS__]D> 
<CLASS>name<lCLASS> 
<RANK>rank<IRANK> 
<SCORE>score<l S CORE> 
<RC>code<lRC> 

<IPKEY> 
<XRESUL1> 

QRESPGNSE 

where: id is a unique identi?er for the classi?cation 
code is a return code indicating the state of the operation 
11 is a count of documents classi?ed 
m is the total number of documents in the Input File 
x is the number of documents successfully classi?ed 
y is the number of documents unsuccess?iily classi?ed 
key is the primary key associated with the Input document 
class is the class ID of the resulting classi?cation 
name is the class name of the resulting classi?cation 
rank is the class rank of the resulting classi?cation 
score is the classi?cation score 
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SYSTEM AND METHOD FOR 
CLASSIFICATION OF DOCUMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t of U. S. Provisional Appli 
cation No. 60/319,138, ?led on Mar. 6, 2002. 

BACKGROUND OF INVENTION 

The invention relates generally to the ?eld of classi?ca 
tion of documents contained Within large enterprise data 
bases. More particularly, the invention relates to classi?ca 
tion engines that classify documents by performing 
similarity searches to match classi?cation pro?le data to data 
found in external databases containing knoWn class data. 

Information resources often contain large amounts of 
information that may be useful only if there exists the 
capability to segment the information into manageable and 
meaningful packets. Database technology provides adequate 
means for identifying and exactly matching disparate data 
records to provide a binary output indicative of a match. 
HoWever, in many cases, users Wish to classify information 
contained in databases based on inexact but similar 
attributes. This is particularly true in the case Where the 
database records may be incomplete, contain errors, or are 
inaccurate. It is also sometimes useful to be able to narroW 
the number of possibilities for producing irrelevant classi 
?cations reported by traditional database classi?cation pro 
grams. Traditional classi?cation methods that make use of 
exact, partial and range retrieval paradigms do not satisfy the 
content-based retrieval requirements of many users. 
Many existing classi?cation systems require signi?cant 

user training and model building to make effective use the 
system. These models are very time-consuming to generate 
and to maintain. Another disadvantage With many model 
based classi?cation systems is that they appear as a black 
box to a user and only provide the resulting class or grade 
Without any explanation of hoW the resultant conclusion Was 
reached. The information regarding the conclusion is valu 
able if additional analysis is required to validate the con 
clusion. Some classi?cation systems use a large set of 
complex rules that process data directly. These rules are 
dif?cult to generate and even more di?‘icult to maintain 
because they contain many complex attributes. 

SUMMARY OF INVENTION 

The present invention provides a neW method of classi 
fying documents that makes use of many of the desirable 
characteristics of similarity search engines. The invention 
concerns the use of Similarity Search Technology described 
in US. Pat. No. 6,829,606, entitled Similarity Search Engine 
for Use With Relational Databases ?led on Feb. 13, 2003, to 
provide a neW method of classifying documents. This US. 
patent Was issued on Dec. 7, 2004 and is incorporated herein 
by reference. This classi?cation method differs from other 
classi?cation methods in that it performs similarity searches 
to match data draWn from the documents to be classi?ed to 
data found in external databases containing knoWn class 
data. Because the similarity search is performed on an 
existing knoWn class data, the returning search score already 
contains the grading information that can be applied directly 
to the classi?cation criteria. Matches and near-matches as 
determined by a similarity search are evaluated by a set of 
classi?cation rules to determine Whether documents satisfy 
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2 
prede?ned classi?cation criteria. In addition to making 
classi?cation decisions based on properties derived from 
similarity search scores, this method is able to make clas 
si?cation decisions based on scores obtained from external 
analyses of the document in question, and to make classi 
?cation decisions based on a combination of similarity 
scores and external analytics. The present invention uses a 
small set of high-level decision rules that analyZe the results 
returned by a mathematical scoring engine. Since these rules 
only contain a small number of attributes, they are simple to 
de?ne and maintain. 
A unique feature of the invention is its ability to return 

along With the classi?cation result a score that re?ects a 
given document’s rating relative to others in its class accord 
ing to predetermined scoring thresholds. Another unique 
feature of the present invention is the ability to justify every 
classi?cation results. Along With every decision, it provides 
the user With reasons Why the conclusion for the classi?ca 
tion Was reached. This information may be important for 
many applications, especially When performing fraud or 
threat analysis or Where additional analysis needs to be 
performed to validate the conclusion. Along With justi?ca 
tions data, all additional search results generated by all 
classi?cation rules are available folloWing the classi?cation. 
This is one of many unique features of the present invention 
and separates it from the other classi?cation techniques. 
A method having features of the present invention for 

classi?cation of documents comprises the steps of receiving 
a classify command from a client for initiating a classi?ca 
tion of documents, the classify instruction identifying input 
documents to be classi?ed, a classi?cation pro?le, and 
anchor values, retrieving the classi?cation pro?le and input 
documents, extracting input values from each input docu 
ment based on the anchor values, structuring the input values 
according to a search schema identi?ed in the classi?cation 
pro?le, performing similarity searches for determining simi 
larity scores betWeen one or more database documents and 
each input document, and classifying the input documents 
based on the classi?cation pro?le and the similarity scores 
using classes and rules identi?ed in the classi?cation pro?le. 
The step of performing similarity searches may comprise 
performing similarity searches for determining normaliZed 
similarity scores having values of betWeen 0.00 and 1.00 for 
the one or more database documents for indicating a degree 
of similarity betWeen the one or more database documents 
and each input document, Whereby a normalized similarity 
score of 0.00 represents no similarity matching, a value of 
1.00 represents exact similarity matching, and scores 
betWeen 0.00 and 1.00 represent degrees of similarity 
matching. The step of retrieving the classi?cation pro?le and 
input documents may comprise retrieving the classi?cation 
pro?le and input documents having repeating groups. The 
method may further comprise the steps of storing the clas 
si?ed input documents in a results database, and notifying 
the client of completion of the classify command. The step 
of storing the classi?ed input documents may comprise 
storing the classi?ed input documents as a classi?cation 
results ?le in a results database. The step of storing the 
classi?ed input documents may comprise storing the clas 
si?ed input documents in an output target database identi?ed 
in the classi?cation pro?le. Each of the classes identi?ed in 
the classi?cation pro?le may comprise an identi?cation 
attribute, a name element, and a rank element. The method 
may further comprise a loW score element and a high score 
element for de?ning loWer and upper thresholds for simi 
larity scores associated With the class. Each of the rules 
identi?ed in the classi?cation pro?le may comprise an 
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identi?cation attribute, a description element, and a condi 
tion element. The method may further comprise property 
elements for describing conditions for including a document 
in a parent class. The method may further comprise the step 
of mapping betWeen de?ned classes and de?ned rules using 
class rule map ?les. The step of classifying the input 
documents may be selected from the group consisting of 
classifying the input documents based on a threshold using 
a top score from results of more than one search schema, 
classifying the input documents based on a logical relation 
ship and a threshold using a top score from more results of 
more than one search schema, classifying the input docu 
ments based on a number of search results for a single 
schema that have scores greater than a threshold, and 
classifying the input documents based on a number of search 
results from multiple schemas having scores above a thresh 
old. The step of classifying the input documents may further 
comprise classifying multiple input documents based on the 
classi?cation pro?le and the similarity scores using classes 
and rules identi?ed in the classi?cation pro?le using a 
classify utility. A computer-readable medium may contain 
instructions for controlling a computer system to implement 
the method above. 

Another embodiment of the present invention is a system 
for classi?cation of documents, comprising a classi?cation 
engine for receiving a classify command from a client for 
initiating a classi?cation of documents, the classify instruc 
tion identifying input documents to be classi?ed, a classi 
?cation pro?le, and anchor values, the classi?cation engine 
for retrieving the classi?cation pro?le and input documents 
from a virtual document manager, the classi?cation engine 
for extracting input values from each input document based 
on the anchor values, an XML transformation engine for 
structuring the input values according to a search schema 
identi?ed in the classi?cation pro?le, a search manager for 
performing similarity searches for determining similarity 
scores betWeen one or more database documents and each 

input document, and the classi?cation engine for classifying 
the input documents based on pro?le and the similarity 
scores using classes and rules identi?ed in the classi?cation 
pro?le. The search manager may perform similarity searches 
comprises performing similarity searches for determining 
normaliZed similarity scores having values of betWeen 0.00 
and 1.00 for the one or more database documents for 
indicating a degree of similarity betWeen the one or more 
database documents and each input document, Whereby a 
normaliZed similarity score of 0.00 represents no similarity 
matching, a value of 1.00 represents exact similarity match 
ing, and scores betWeen 0.00 and 1.00 represent degrees of 
similarity matching. The classi?cation engine may retrieve 
the classi?cation pro?le and input documents having repeat 
ing groups. The system may further comprise the classi? 
cation engine for storing the classi?ed input documents in a 
results database and notifying the client of completion of the 
classify command. The classi?cation engine may store the 
classi?ed input documents as a classi?cation results ?le in a 
results database. The classi?cation engine may store the 
classi?ed input documents in an output target database 
identi?ed in the classi?cation pro?le. Each of the classes 
identi?ed in the classi?cation pro?le may comprise an 
identi?cation attribute, a name element, and a rank element. 
The system may further comprise a loW score element and 
a high score element for de?ning loWer and upper thresholds 
for similarity scores associated With the class. Each of the 
rules identi?ed in the classi?cation pro?le may comprise an 
identi?cation attribute, a description element, and a condi 
tion element. The system may further comprise property 
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4 
elements for describing conditions for including a document 
in a parent class. The system may further comprise the 
classi?cation for mapping betWeen de?ned classes and 
de?ned rules using class rule map ?les. The classi?cation 
engine for classifying the input documents may be selected 
from the group consisting of means for classifying the input 
documents based on a threshold using a top score from 
results of more than one search schema, means for classi 
fying the input documents based on a logical relationship 
and a threshold using a top score from more results of more 
than one search schema, means for classifying the input 
documents based on a number of search results for a single 
schema that have scores greater than a threshold, and means 
for classifying the input documents based on a number of 
search results from multiple schemas having scores above a 
threshold. The classi?cation engine may further comprise 
means for classifying the multiple input documents based on 
pro?le and the similarity scores using classes and rules 
identi?ed in the classi?cation pro?le using a classify utility. 
An alternative embodiment of the present invention is a 

system for classi?cation of documents comprising a classi 
?cation engine for accepting a classify command from a 
client, retrieving a classi?cation pro?le, classifying input 
documents based on similarity scores, rules and classes, 
storing document classi?cation results in a database, and 
notifying the client of completion of the classify command, 
a virtual document manager for providing input documents, 
an XML transformation engine for structuring the input 
values according to a search schema identi?ed in the clas 
si?cation pro?le, and a search manager for performing 
similarity searches for determining similarity scores 
betWeen one or more database documents and each input 
document. The system may further comprise an output 
queue for temporarily storing classi?ed documents. The 
system may further comprise a database management sys 
tem for storing classi?cation results. 

In yet another embodiment of the present invention, a 
method for classi?cation of documents comprises receiving 
a classify command from a client, the classify command 
designating input document elements for names and search 
schema, anchor document structure and values to be used as 
classi?cation ?lters, and a classi?cation pro?le, retrieving 
the designated classi?cation pro?le, the classi?cation pro?le 
designating classes ?les for name, rank and score thresholds, 
rules ?les for nested conditions, properties, schema map 
ping, score threshold ranges and number of required docu 
ments, and class rules maps for class identi?cation, class 
type, rule identi?cation, description, property, score thresh 
old ranges and document count, retrieving the designated 
input documents, identifying a schema mapping ?le for each 
input document, determining a degree of similarity betWeen 
each input document and anchor document, classifying the 
input documents according to the designated classes ?les 
and rules ?les, and creating and storing a classi?cation 
results ?le in a database. The number of documents classi 
?ed may be designated in the rules ?les. The method may 
further comprise notifying the client of completion of the 
classify command. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other features, aspects and advantages of the 
present invention Will become better understood With regard 
to the folloWing description, appended claims, and accom 
panying draWings Wherein: 

FIG. 1 shoWs a classi?cation engine Within the framework 
of a similarity search engine; 
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FIG. 2 shows a search that is for a claim containing a 
doctor with a name Falsta?f; 

FIG. 3A shows the CLASSES ?le; 
FIG. 3B shows a reserved system-de?ned CLASS 

attribute; 
FIG. 3C shows an example CLASSES instance; 
FIG. 4A shows a RULES ?le; 
FIG. 4B shows an example of a RULES instance; 
FIG. 5A shows a CLASS_RULE_MAPS ?le; 
FIG. 5B shows an example of a CLASS_RULES_MAPS 

instance; 
FIG. 6A shows a SCHEMA_MAPPING ?le; 
FIG. 6B shows an example of a SCHEMA_MAPPING 

instance; 
FIG. 7A shows a CLASSIFICATION_RESULTS ?le; 
FIG. 7B shows an example of a CLASSIFICATION_RE 

SULTS instance; 
FIG. 7C shows the normaliZation formulas used for 

computing Class Scores; 
FIG. 8A shows a CLASSIFICATION_PROFILE ?le; 
FIG. 8B shows an example of a 

CLASSIFICATION_PROFILE instance; 
FIG. 9 shows a ?owchart that depicts transaction steps of 

a classi?cation engine; 
FIG. 10 shows a ?owchart of the classi?cation process; 

FIG. 11 shows an XCL CLASSIFY command; 
FIG. 12A shows a FROM-clause; 
FIG. 12B shows an example of a FROM-clause instance 

with multiple input documents; 
FIG. 12C shows an example of a FROM-clause instance 

for an entire set; 
FIG. 12D shows an example of a FROM-clause instance 

with speci?c documents; 
FIG. 13A shows a WHERE-clause; 
FIG. 13B shows an example of a FROM-clause instance; 
FIG. 14A shows a USING-clause; 
FIG. 14B shows an example of a USING-clause instance; 

and 
FIG. 15 shows a RESPONSE for a CLASSIFY command. 

DETAILED DESCRIPTION 

Turning to FIG. 1, the Classi?cation Engine (CE) 120 
operates within the framework of the Similarity Search 
Engine (SSE) 100, employing the services of the SSE’s 
Virtual Document Manager (VDM) 130, Search Manager 
(SM) 140, and XML Transformation Engine @(TE) 150. The 
VDM 130 is used by the CE 120 to access the documents to 
be classi?ed, and by the SM 140 to access the databases 160 
the CE 120 needs to search. The SM 140 performs similarity 
searches requested by the CE 120 and returns the results 
indicating the degree of similarity between the input values 
drawn from the input documents and the target values found 
in the search databases. The XTE 150 enables the CE 120 to 
move data from one hierarchical form to another, which is 
necessary for searching across disparate databases. 

The CE 120 is a general-purpose classi?cation server 
designed to support a range of client applications. A typical 
interactive client 110 might employ the CE 120 to classify 
incoming documents as they are receivedifor instance, an 
insurance claim form being considered for immediate pay 
ment or referral for investigation. A batch client 110 might 
use the CE 120 to classify a collection of documentsifor 
instance, to re-evaluate a set of insurance claims based on 
new information received regarding a claimant. Though 
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6 
these examples are drawn from the insurance industry, the 
CE 120 can operate on any sort of document and with any 
set of document categories. 
The Classi?cation Client 110 interacts with the CE 120 by 

means of a CLASSIFY command 115, which is part of the 
XML Command Language for the SSE 100. The client 110 
issues a CLASSIFY command 115 to request the CE 120 to 
classify the indicated input documents and deposit the 
results into a designated database. A batch utility has been 
developed in conjunction with the CE 120 and represents 
one implementation of a batch-mode CE client 110. 
The Classi?cation Engine 120 is the server program that 

carries out CLASSIFY commands 115, assisted by the VDM 
130, SM 140, and XTE 150. Based on the CLASSIFY 
command from the Classi?cation Client, the CE 120 
receives input documents from a staging database via VDM 
130 and places them into an input queue for classi?cation. 
The CE 120 uses a Classi?cation Pro?le, shown in FIG. 8A 
and FIG. 8B and described below, to determine what 
searches to conduct in order to classify the input documents. 
It uses XTE 150 to extract input values from the input 
documents that match anchor values for use as search 
criteria. It then passes the SM 140 a set of queries to execute 
to determine whether values similar to those input values 
from the input documents are to be found in the target 
documents in the databases available to the SM 140. Using 
a set of classi?cation rules, the CE 120 compares the 
similarity scores from the completed queries to prede?ned 
thresholds. If the requisite number of searches returns scores 
within the designated thresholds, a rule is regarded to be true 
and the input document is classi?ed accordingly. The CE 
120 contains one or more classes and one or more classi? 
cation rules. Each de?ned class has one or more rules that 
are used to identify the class criteria. Once all the rules are 
executed and the classi?cation is complete, the classi?ed 
input documents are moved onto an output queue and the 
classi?cations are written to tables in a speci?ed database. 
The CE 120 is designed in such way that it can use any 

scoring modules behaving similar to the SSE. It has the 
ability to classify using rules and scores representing the 
likelihood of ?nding the search document inside a known 
class dataset. This includes datasets represented by predic 
tive models trained by other mathematical model-based 
systems, ie Neural Networks. By using rules and thresh 
olds, it is able to reach a conclusion about the class by 
analyZing the combination of all scores returned from all 
scoring modules. 
The Virtual Document Manager 130 is responsible for 

reading documents for classi?cation by the CE 120 and for 
providing the Search Manager 140 with access to the 
databases containing the data used in the classi?cation 
operation. The documents managed by VDM 130 are struc 
tured hierarchically according to the industry-standard 
Extensible Markup Language @(ML). These hierarchical 
documents have a top-level element (known as the root) that 
contains other elements (known as its children). Child 
elements can have children of their own, and they can 
contain individual data values (known as leaf elements). It 
is the nesting of child elements that gives the XML docu 
ment its hierarchical form. Because an element can have 
Zero, one, or multiple occurrences of a child, the XML 
format can be used to represent about any kind of document. 
Multiply occurring elements are known as repeating groups. 
The documents managed by VDM 130 are virtual in the 

sense that their values are not stored in text strings, as is the 
case with most XML documents. Instead, when a document 
is accessed, the VDM 130 obtains the appropriate values 
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from a designated datasource, often a relational database but 
not limited to this storage method. It uses a document 
de?nition knoWn as a search schema to create the structure 
of the document and to map values to its elements. To clients 
of the VDM 130, it appears that XML text strings are being 
read and Written. 

The Search Manager (SM) 140 performs similarity 
searches according to QUERY commands from its clients. A 
QUERY command contains a WHERE-clause that sets out 
the criteria for the search, a list of measures to be used to 
assess the similarity of the database values in the databases 
being searched to the values given in the QUERY, and 
(optionally) some limits on the volume of output documents 
to be returned. 

The SM 140 has a library of similarity measures devel 
oped to handle different kinds of data. Some of these 
compare Whole values and others break complex values 
doWn into their constituent parts. Each measure is able to 
compare tWo values of the same type and to return a score 
indicating the level of similarity betWeen the tWo. Measures 
dilfer in kinds of data they examine, so that the score coming 
from a specialiZed “personal_address” measure might be 
more accurate than the score from the more generic “text” 
measure that does not have knoWledge of hoW addresses are 
formatted. When a search involves more than one element, 
the scores for all the comparisons are combined using a 
Weighted average. These Weights re?ect the relative impor 
tance of the elements such that those of the highest impor 
tance can be assigned higher Weights and therefore contrib 
ute more to the overall score for the search. 

Similarity scores range from 0.00 to 1.00 Where a Zero 
score means no similarity and one means the values are 
identical. By default, the SM 140 examines all the values in 
the designated database, scores them all against the search 
criteria, and returns a Result Set containing a score for each 
document draWn from the database. HoWever, since the 
default Result Set could contain an entry for every document 
in the database and the loWer scores may not be of interest 
to the application, the SM 140 can ?lter the Result Set 
according to the number of documents or range of scores. 
This is controlled by the SELECT-clause in the query. 

The XML Transformation Engine (XTE) 150 is an inter 
nal service to the SSE, responsible for moving values from 
one hierarchical document format to another. For instance, 
the XTE 150 can transform a personal name given as a 
single string into separate values for First, Middle, and Last. 
It does this by applying matching rules to the names of the 
data items to ?nd counterparts and by decomposing/recom 
posing their data values according to another set of rules. 
The XTE 150 can also employ a synonym table to quickly 
resolve knoWn mappings. The CE 120 uses the XTE 150 to 
extract data values from the input documents into the 
formats required for the searches it issues. This alloWs the 
CE 120 to search across multiple databases, even When they 
dilfer in the Way their data is structured. 
As part of the SSE, the CE 120 uses schemas and result 

documents maintained by the SSE. In the vernacular of the 
SSE, a schema is an XML document that contains a 
<STRUCTURE> element de?ning the structure of the docu 
ment, a <MAPPING> element that ties elements of the 
document to ?elds in the database, and a <SEMANTICS> 
element that associates similarity measures With the ele 
ments of the documents that the schema describes. 

The SSE Document Schema describes the contents of a 
database to be searched by the SM 140. HoWever, it is not 
used directly in the search. Instead the XTE 150 uses the 
document schema to locate counterparts for the elements of 
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8 
the input document in the database to be searched. Only the 
<STRUCTURE> portion of the schema is used. The mea 
sures for the searches come from the search schemas. 
Through the VDM 130, the contents of the database can 
thereby be seen as a collection of XML documents, struc 
tured according to the hierarchy de?ned in the document 
schema. 
The SSE Search Schema 170 describes a search to be 

performed When the CE 120 evaluates an input document to 
determine Whether it conforms to the classi?cation rules. Its 
STRUCTURE-clause may consist of one or several ele 
ments structured hierarchically according to the document 
structure de?ned by the document schema. HoWever, it 
typically contains a subset of those elementsiie. the ones 
for the data values involved in the search. Its MAPPING 
clause indicates the mapping of elements to ?elds in the 
datasource to be searchediie. the database described by 
the document schema. Its WHERE-clause is populated by 
XTE 150 using values from the input document. Its 
SEMANTICS-clause speci?es the measures to be used in 
evaluating target documents for similarity to the values 
taken from the input document. 

The XTE pro?le 180 describes the mapping of values 
from the input document to the structure of a search schema. 
It contains a STRATEGIES element that lists the compari 
sons made to ?nd the counterpart for a given element in the 
target database, a set of MAPPING elements that pair source 
values to target elements, and a set of SYNONYMS that 
alloW elements to be recogniZed under several names. 
The Input Pro?le is an SSE document schema that 

describes the structure of the input documents. Only the 
<STRUCTURE> and <MAPPINGS> are used. Since the 
input documents are not used directlyithey provide values 
for the search schemasino <SEMANTICS> are required. 
The Input Search Criterion document (WHERE-clause) 

used to anchor the searches issued by the CE 120 are draWn 
from the input documents by the XTE 150. The output of the 
XTE 150 is a structure that conforms to the schema of the 
datasource to be searched and populated With the corre 
sponding values from the input document. This structure 
becomes the contents of the WHERE-clause in the QUERY 
issued to the SSE that carries out the search. 

Turning to FIG. 2, FIG. 2 shoWs a search that is for a 
CLAIM that contains a DOCTOR element containing a 
NAME element With the value “Falsta?”. In the case of a 
repeating group, each instance of the group is used to 
generate a different Input Search Criterion document. If 
there are multiple repeating groups, all permutations are 
generated. 
The XML Command Language de?nes a standard format 

for the SSE result document. Options are available for 
including additional data With the results, but the default 
format is used by the CE. The results of a search are 
presented as an XML document containing a <RESPONSE> 
element that (in the case of a successfully completed search) 
contains a <RESULT> element, that in turn contains a set of 
DOCUMENT elements. The DOCUMENT elements have 
no children. Each contains three attributes: the similarity 
score computed for the document, the unique Identi?er of 
the document, and the name of the schema used for the 
search. By default, <RESULT> contains a DOCUMENT 
element for every document in the database. Since loW 
scoring documents are seldom of interest, it is possible to 
limit the number of <DOCUMENT> elements in the 
<RESULT> set by specifying a threshold score or maximum 
number of documents to return. The CE obtains these values 
from the Rules used to classify the documents. 




















